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//insert English abstract, 1st pg of original// 


The patent pertains to a novel composite material of arbitrary form with high thermal 
insulation capacity, containing from 5-97 vol% aerogel particles and at least one adhesive, the 
particle diameter being less than 0.5 mm. 

Conventional insulation materials based on polystyrene, polyolefms and polyurethanes 
are produced, as a rule, using organic propellants, such as chlorofluorocarbons (CFCs). The 
propellant contained in the cells of the foam material is responsible for the high thermal 
insulation capacity. Such propellants pollute the environment, since they slowly escape into the 
atmosphere. 

Also known are molded articles that contain thermoplastic resins such as urea, melamine 
and phenol formaldehyde resins, or mixtures of these resins. These resins are mixed with fillers 
such as sawdust, asbestos and especially cellulose, possibly also with lubricants such as zinc 
stearate, pigments such as titanium dioxide, plasticizers such as glycerin and/or 
o, p-toluenesulfonamides and/or acidic or acid-hydrolyzing curing accelerators into so-called 
molding compositions that are cured in molds under application of pressures of 100-2500 bar and 
temperatures of 100-200°C into molded articles (Plastics Handbook 10 "Thermosetting 
materials,*' ed. Prof. Woebcken, 2nd ed. 1988, Hanser Verlag, pp. 266-274). These resins can be 
used as powdered resins in the so-called complete fusion method or as liquid resins in the liquid 
resin method. The composition of a typical molding composition according to DIN 7708 Type 
152 looks as follows: 

50 wt% melamine formaldehyde resin 

35 wt% bleached sulfite cellulose 

1 wt% lubricants, e.g. zinc stearate 

10 wt% white pigment, e.g. lithopone 

1 wt% curing accelerator and 

3 wt% plasticizer 

Such standard test specimens obtained according to DIN 7708 have densities 
1.5-2.0 g/cm 3 and thermal conductivities of 300-600 mW/m-K (Plastics Handbook 10 
"Thermosetting Materials;* ed. Prof. Woebcken, 2nd ed. 1988, Hanser Verlag, pp. 269-270). 
They are therefore not suited for use in thermal insulation. 


verv ,„ r ,' eSPK ' ^ POr ° SitiK ° Ver 60% mi dmsifc "to 0.6 gW have a 

appl.cat.on as thermal insulation materials, as, for instance, in EP-A-0171 722 

The high porosity, however, also causes low mechanical stability, of both the gel from 
which the aerogel is dried out and of the dried gel itself. 

values onfT^'T 0 T ""^ '° W ™ ™* 

values of 1-2, depending on the density of the aerogels. Aerogels are therefore ideal for 

Aerogels in the broader sense, i.e. in the sense of "gel with air as dispersion means " are 
produced by dryng a suitable gel. The term "aerogels" in this sense includes aerogels £L 

the flu.d of the ge, „ r e moved at temperatures aboye , he 
pre su, s above he critica] pressure If> Qn ae o(her ^ Md . P moved subcri ^™ 

.o 122 K r ;r r bo : ndaty phase - for instance - ,hen the » *> * ^ ^ 

a xerogel. It should be noted that the gels acceding to the invention are aerogels in the 
sense of being a gel with air as the dispersion means. 

the J he r CeSS ° f f0,min8 aer ° SCl " f5 " iShed dUring the "»««•»• After formin. 

LstLt ' ^ CXtemal fomi ^ ^ »* ty — • 

For this'" manyaPP ' iCati0nS ' ft is " eces ^ h — . <° «Ui» the aerogels in definite forms 
For h,s purpose, ,, „ necessary to conduct a forming step following the aerogel production that 
■s, after drying, without any substantia, change of the interna, structure of the aerobe o" 
with regard to the application. ° occurring 

In EP-A-0 340 707 an insulation material with a density of 0. 1-0.4 g/cm' is disclosed 
consisnng of at least 50 vo,% silica aeroge! particles with a diameters of 0. -5 mm ^ w 
jomedtogetherbyme^sofatleastoneorganicand/orinorganicbinder 

adh«' D ' SCl ! Sed " ° rgffiiC biDderS ™ reaC,i °" adhesivK > »*> adhesives hot-melt 
adhesives and aqueous dispersion adhesives. 

msulatio?!^^ C03rSe ^ StmCtUre ^ "* ^ h ° WeVCr - ** "» manufactured 
insulation materials have no uniform appearance, which is disadvantageous for many 

app .cations. The restively coarse grain structure also has the effect that molded alles 

"Z materia ' S ^ 3 Aeneous distribution of the ae ge, 

material. This is particularly true if fte smallest typical dimensions of the molded articles 
namely ta thlckn in ^ _ rf ^ or ^ . . ^ ^ rttc^ 

particle diamete, A higher binder content w„u,d be needed, particularly in JIdge are! which 


would then have a negative effect on the thermal conductivity and the dielectric properties of the 
molded article, especially at the surface. "ssonne 
P^Wy in electronic applications, thin films (0.01-2.0 mm) are needed, which cannot 
be produced from the above-described aerogel particles. 

In a molded article made from this insulation material, moreover, areas of low 
mec anica, stability made of aerogel materials with diameters of 0.5-5 mm, would arise which 
could result, under mechanical stress, in surface unevennesses with diameters or depths ^u ,o 
5 mm, due to destruction of the aerogels at the surface. 

Due to the coarse grain structure of the aerogel i, is also not possible to produce film-like 
^rmal ,„su,a„on elements with a thickness of less than 0, mm. Even thicker L layersTuff 
however from the relatively large aerogel particles in relation to the frhn .rudeness, since an ' 
elevated binder content is required, particularly in the edge areas, which would then have a 

Furthermore, a process is described in EP-A-0 340 707, according to which the aerogel 
parses are coated and/or mixed with a hinder and the mass obtained is subsequently cured in a 
mo d. Due to the great difference in density between the aerogel and the inorganic and/„r organic 
bmder and the size of the aerogel particles, the mixed mass tends to be demixed, tha, is it is 
unstable over the relatively long time required for utilization and storage. Consequently' the 
shaping can be done only by relative* fas, curing of the mixed mass in a surrounding mold 

It is additionally not simple to produce such insulation materials with only a low liquid 
content, since with the process specified in EP-A-0 340 707 the aerogel particles can easily be 
destroyed by shearing processes during mixing due to their low mechanical strengm 

.hernia, " * ^ " composite material which has a low 

therma. conductivity and a high mechanical strength, and is also free of organic prope.lants 

leas, o„I!r , 2 r P ° Site material ** C0 " tainS 5 " 97 m,% and a, 

leasee adhesive, and is characterized in that the diameter of the aerogel particles is less than 

The adhesive(s) form(s) a matrix which binds or surrounds the aerogel particles and 
passes through the entire composite material as a continuous phase 

the no, V " COnten ' ° f aer ° 8d Partk ' eS ,hat ^ SiSnifiCan " y bd0W 5 ™ ,% in ,h£ - m P-i*n 
the posifve properties of the aerogel particles would be largely lost due to their low 

concentration. Such a composition would no longer have low densities and thermal 

conductivities. 

A COntent ° f *«°g<=> Panicle that is significantly greater than 97 vol% would lead to a 
conten, of adhes.ve below 3 vo,%. b this case, the content would be too low to guarantee 


sufficient binding of the aerogel particles to one another, mechanical pressure resistance and 

bending strength. 

orefe T M ° f PartkleS Preferably KeS k ,hC ™ ge from 1 °" 97 «** particularly 

preferably m the range from 20-95 v„l%, and more particularly in the range from 40-95 vol* 

Accordmg to the invention, the diameter of the aerogel particles is less than 0.5 mm 
prefera ly smaller than 0.2 mm. For electronic applications, they can be considerably smaller 
but preferably greater than 1 urn. The particle diameter refers to the average diameter of the ' 
mdtvtdual aeroge, particle, since the aeroge. particle need no. necessarily have a spherica! shape 
tor production reasons, for instance, because of grinding. 

The use of small aerogel particles leads to a more homogeneous distribution in the 
compos.tton, which causes the composite material to exhibit a nearly uniform low thermal 
conductivity and dielectric constant at all points, particularly on me surfaces as well 

Small aerogel particles also lead to improved mechanical stability against the formation 
of ruptures and cracks for the same aerogel content, because such large strains cannot build up 
locally under stress. H 

A particularly high content of aerogel particles in the composite material can be achieved 
by employing a bimodal distribution of the particle sizes. 

Suitable aerogels for the compositions according to the invention are those based on 
metal oxides which are suited for the sol-gel technique (C.J. Brinker, G.W. Scherer Sol-Gel 
Science, 1990, Chapters 2 and 3), such as Si or Al compounds, or those based on organic 
substances which are suited for the sol-gel technique, such as melamine formaldehyde 
condensates (US-A 5 086 085) or resorcinol formaldehyde condensates (US-A-4 873 218) Thev 
can also be based on mixtures of the aforementioned materials. Aerogels containing Si 
compounds, are preferably used particularly SiC, aerogels and more preferably Si0 2 xerogels. To 
reduce the radiation component of the thermal conductivity, the aerogel may contain El 
opacfcs such as carbon black, titamum dioxide, iron oxide or zirconium oxide, as well as 
mixtures of the above. 

™ « a t P M femd emb ° diment ' tto aer0gel " articlK Permanently hydrophobic surface 
groups Suttable groups for permanent hydrophobization are, for instance, silyl groups with the 
genera, formula -Si(R)„ where » = 2 or3, preferably trisubstituted sily, group!, where the 
res.dues generally are each independently, identically or differently a hydrogen atom or a 
nonreacttve organic, linear, branched, cyclic, aromatic or heteroaromatic residue, preferably a 
C,-C„ alkyl or C«-C„ aryl, particularly preferably a C,-C ( alkyl, cyclohexyl or phenyl 
parhcularly methyl or ethyl. ParticuWy advantageous for the permanent hydrophobization of the 

Ztnvlr 1 ,rimeth! " SiIy ' ^ ^ inSerti ° n ° f ™ be d ™ - » 
94/25149, 0rby sas -I> has ' taction between the aerogel and, for instance, an activated 
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Aerogel particles with hydrophilic surfac „ " tiK dielectric «»stant. 

which cause the die,e Jc ^^Z^oT ^ ^ » 

is often not desired for electronic ^^TJZ '° "» ™s 

,o UP sp re ™, s ,hi S v^: jZo ™ :r; d i:r rr r Mrophowc 

also gu.ded by the typical temperature of use C "° n ° f reSidues is 

suitable. 7 ^ faneIy - 10 P™ple, however, all aerogels are 

In Principte, all known adhesives are ^ f "** °' 4 sW ' 

according , 0 , he invention> „ ^^^T"^ ^ " 
-aqueous binder. Nonaqueous binders in te ^ZZ " * 

solution mixtures tha, contain less than 50 ^ZZ T t T" ™ ^ " 

acihesives, solvent adhesives Jp^soT ' "° lyethy,ene di ""*» 

polyvinyl aicohois, polyvinyl L T I' cyanacryla.es, 

-orcinol, urea and melamine fio«L^ < ^^^ r .^' yW,Vl ""^ 

Suitable chemically cutting bicom^Xs^ ^ ^ 

b,C °— Si ' iC0 - ~- «*»y -ns and c.k^^T^ 

ed. Prof. Woebclcen, 2nd ed. mS^ZllT " 


The adhesive is generally employed in an amount of from 3-95 vol% of the composite 
materia preferably in an amount of 3-90 vol%, particularly preferably in an amoun, of 
5-80 vol /„, and specifically in an amount from 5-60 vol%. The selection of the binder is done 
according to the desired mechanical and thermal properties of the composite material 

In the selection of the adhesives, moreover, those products are selected which essentially 
do no penetrate mto the interior of the porous aerogel particles. The penetration of the adhesive 
in the intenor of the aerogel particles can be influenced by the control of the temperature, as 
well as by the selection of the adhesive. 

To reduce the radiation component of the thermal conductivity, the composite material 
can contam m opacifiers, such as carbon black, titanium oxide, iron oxides or zirconium oxide or 
mixtures of the above, which is particularly advantageous for application at high temperatures 

Moreover, the composite material may contain up to 85 vol% fillers, such as sawdust 
asbestos and preferably cellulose in order, for instance, to improve the mechanical properties' 
The content of fillers with respect to the composite materia, is preferably less than 70% and ' 
particularly preferably in the range from 0-50 voI%. 

, . ^ !° mPOSitC materfaI ^ ftehOT »>". <*» »ntain at least one fiber material. The 
addition of fibers is advantageous, in particular, for thermal applications and in regard to crack 
lormation and rupture strength. 

^ _ Compared to a material that consists only of aerogel particles, which are connected via 
<he,r surfaces or embedded in a plastic matrix, even a slight volume content of fiber materials 
surpns, nglv leads t0 a consHeraWe ^^.^ improvement wjth smje conten[ 

of adhesive, smce they take over essentia! components of the load. If a higher fiber content by 

wMcTthe T V °f 3 Sma " am ° Um ° f adheSiVC ' ,he " 3 P ° r0US ma,erial "° * ^ " 
which he fibers bound together by toe adhesive form a mechanically stable framework into 

wh,ch the aerogel particles are embedded. The air pores tha, then appear bring about a higher 

porosity and thus an improved sound dissipation. 

As the fiber material, i, is possible to use natura! fibers, such as cellulose, cotton or flax 

s r; " « T mcia f,bers> where both inorganic flbers - such - *» *«■ — %L 

s^on carbide fibers or carbon fibers, and organic fibers, such as polyester fibers, polyamide 

s?c™ d7f e T oan be employed - These f,bers can be new ° r ~ fr - — 

h a shredded glass fiber wastes or rag residues. The fibers can also be coated, such as 
polyester fibers that are metallized with a metal such as aluminum 

wo ^ ?T ^ ^ flat " ^ 35 indiVidUa ' f,berS ' 35 P addto & OT » «™>vm or 
w e„ aer fabric. Nonwoven and/or woven fiber fabnes can be contained in the composite 
material m coherent form or in the form of several small pieces. 
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H„ hK T T haVe r ° Und - tril0ba1 ' Pental0ba1 ' " ctal <*al, ribbon, Christmas tree 
dumbbell or other star-shaped profiles. Hollow fibers can likewise be used 

In general, fibers with a diameter between 0 1 um anrf 5 mm . 

the fih Th t' e T. ° tthe " " ^ Wa * Prefaa "ly, however, the length of 

the fibers should be greater than the average diameter of the aerogel particles 

d,V * ^ StreaS,h ° f C ° mp0Site material ™ b = M«-ed by the length and 

is netween 0.5-10 cm are therefore preferably used. 

Furthermore, mixtures of the above-mentioned types can be used 

increasta! C fi r bm,y t and ^ mat ™> — with 

o « e L f! In ° rder '° aV0 ' d 3 ****** M °» <* ^ therma, conductivity due 

o the dded fibers, the content of fibers by volume shou,d preferaWy lie from 0 .-40 vo.y 

particularly preferably in the range from 0.1-15%. m u.i «u vol/., 

The thermal conductivity of the fiber material should also preferably be < 1 W/m-K 

therma, conductivty can be reduced and a greater mechanica! strength can be obtained 
fror this purpose, the fiber diameter should be 

a) preferably 0. 1-30 um for nonmetallized f bers and/or for 

b) metallized fibers, 0.1-20 um. 

blacken^f i0 7 mP T "** ^ ™ * -ng 

blackene fiber , sue as polyester fibers blackened with carbon black, or carbon fibe, directly 

adhesive^ ^ "* ^ ™ «* Md » * ** adhesive or me 
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which gives hydrophobic properties to the composite material. Suited for this purpose are all 
materia s known to the person skilled in the art which provide the composite material with a 
hydrophobic surface, such as lacquers, films, silylation agents, silicone resins, and inorganic 
and/or organic binders. 

Furthermore, so-called "coupling agents" can be employed in the adhering process They 
produce a better contact of the adhesive with the surface of the aerogel particles and can ' 
additionally enter into a firm bond with both the aerogel particles and the adhesive 

The molded articles produced according to the invention from aerogel granules 
particularly ,„ mat form, containing the composite material according to the invention 'or 
consisting essentially of it, preferably have a density of less man 0.6 gW and preferably a 
thermal conductivity of less than 100 tnW/m-fC Particularly preferably, the therma. conductivity 
is less than 50 mW/m-K and is specifically in the range of 20-40 mW/m-K 

The fire classification of the composite material obtained after drying is determined by 
he fire classification of the aerogel and the adhesive as well as possibly that of the fiber materia! 
to order to obtam as favorable a fire classification of the composite material as possible 
(low-flammable to noncombustible), adhesives are used which are of low flammability, such as 
urea formaldehyde and melamine formaldehyde resins, silicone resin adhesives, polyimide and 
SiC fibT reSiaS ' " " aerS ° f n ° nCOmbttS,ible ««* as mineral, glass or 

To produce the composite materials according to the invention, the aerogel particle are 
bonded together by means of a, leas, one adhesive. The bonding of the individual particles to one 
another can be done here poin.-by-point as i, were. Such a surface coatin, can be achieved for 
instance, by spraying the aerogel particles with the adhesive. The coated particles are then 'for 
instance, filled into a form and cured in the form. 

In a preferred embodiment, the spacing between the individual particles is then 
completely or partially filled with adhesive. Such a composition can be achieved, for instance by 
mixing the aerogel particles,0 and optionally the fibers, with the adhesive 

The mixing can be performed here in any conceivable manner. Thus, it is possible on the 
one hand, ,o introduce the two ormore components simultaneously into the mixing device; on 
the other hand, one of the components can be presented and the otherfs) then added 

m „. ™' ."T 8 f™ 6 fOT "» !»»■ U also not restricted in the least. Any 

mixing dev.ce familiar ,„ the typical person skilled in the art can be used for this purpose 

of the . T m T°" " C ° ndUCted Un,U CXiS,S m aPP— a.ely uniform distribution 
of the aerogel particles in the compound. The mixing process can be controlled both via the 
duration and the speed of the mixing device. 
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Then Che forming and curing of the mixture in the mold occurs, taking place, depends 
on the type of adhesive, by heating and/or evaporation of the solvent and/or dUpersan, usTd ^ in 
case me t adhestves are used, by cooling to below the melting temperature of the adhesive 
tvnic, ' ^ emb ° dfaa ". «* ^ture is compression-molded. It is possible here for the 

tools. Due to the high air content of the aerogel-containing molding compositions, the use of 
vacuum compress.cn is advantageous. In a preferred embodiment, the aeroge.-containing 
molding composite are compression-molded into mats. In order to prevent sticking of the 
molding composition to the compression-mold, the aerogel-containing mixture to be 
compression-molded can be separated from the compression mold by separating paper The 
mechamca. s.eng«h of the aeroge,-con,ainin g mats can be improved by laminating wire gauzes 
onwoven fabr.es or papers onto the mat surface. The wire gauzes, nonwoven fabrics or pap"' 
« be apphed subsequent^ to the aerogel-containing mats, wherein the wire gauzes, noloven 
abnes or papers can be first impregnated with melamine resins, for instance, and then bonded 
und rpressure m a heatable mold to the mat surfaces, as well as, in apreferred embodiment in a 
smgle work step by inserting the wire gauzes, nonwoven fabrics or papers, optional* fct 
■mpregnated with melamine resins, into the compression mold, placing the aeroael-ccntainin* 
moldmg composition to be compression-molded on top of them and subsequently 
press-compacting them under pressure and temperature into an aerogel-containing composite 

Depending on the adhesive employed, the compression molding is generally done at 
compacting pressures of 1-1000 bar and temperatures of 0-300'C 
In the case of the preferred phenol, resorcinol, urea and melamine formaldehyde resins the 
compression-molding generaUy takes place in arbitraty molds at pressures of 5-50 bar ' 
particularly preferably 10-20 bar, and temperatures preferably of iOO-200-C, particularly 
preferably, 130-190°C and specifically between 150-175-C 

insula,' ^ r ri ?; the C ° mPOSite materia ' S aCC ° rding '° the b ™" io[1 « ^ <"™al 
insulation materials because of their low thermal conductivity 

howevJt - nVe r ti0 ^ S t eSClibed fa m ° re teail be '° W °" ' he teis Embodiments, without, 
however, being limited thereto. ' 

DE-A-4?4? 5 / 48° Ph0biC "™ '° *" diSCl °* d in 

method^ "T™ 1 C ° ndUC ' iVitieS ° f the Mro « eI — -asured with the heating wire 

method (see, for instance, O. Nielsson, G. Mschenpohier, J. GroB, J. Fricke, High 

1 emperatures-High Pressures, Vol. 2 1 ( 1 989), 267-274). 
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The thermal conductivities of the molded articles wen>,w ■ i 
52612. S were dete nnmed according to DIN 

Example 1_ 

Molded article of aerogel and melamine formaldehyde resin 

20 g of hydrophobic aerogel (94 vol%) and 5 g Madurit® Mw ono i • 
formaldehyde powdered resin (6 vol % ) are th LahlJ 

have a grain size in the ranee of 50 , hydrophobic aerogel granules 

<7n :7 , S °" 250 ^ m ' a P° wder ^nsity of 0 1 g/cm 3 a RFTcnrfo * 

am* has . density of 032 ^ Md a tt J a] cm J^^ — molded 

Examp le 7 

Molded art ic,e of aerogd and famine formaldehyde resin and ^ 

;Ug of hydrophobic aerogel (93 voI%), 5 eMadurit®MW 900 m .l ■ r 
powdered resin (6 vol%) and I g of zine stearate n ™ivT T formaldehyde 
in a mold with a bottom surface of !2 x , 2 ™ m '' XCd ^ COm P res - d 

for 30 mi„. The hydroph b^er , L * ' * ' ^ ^ * ™ ° f 10 b » 

Examnle ^ 

Molded article of aerogel, melamine formaldehyde ream and filler 

fern the Mikro.echmk flrm of Mthenberg am Malm " w 4 ° MB ™— 

of .he compression mold with a surface otZ^T " ^"^^ bottom 

^ a wire ga „ 2e with . mesh si erf " ^ " ^ """^ ^ 

cover* with a separating paper. It is compressed a, T " 

20 bar for 9 min with subsequent cooline The mnM h - , preSSttre of 

density of 0 38 Mrf and a L 7 !' ? 1,1,015 ° btained as a stoW e mat has a 
/ jujsgrcm and a thermal conductivity of 37 mW/m-K. 


14 

Example 4 

Table 1. " 30 m ' 11,6 densm « ° f tt« mats obtained are listed in 

^Composition of*. mMing composffions fa ^ ^ ^ ^ ^ ^ 


Nr. 
© 


Key: 1 
2 
3 
4 
5 
6 
7 
8 


Aerogel 
[Vo!.-%] 


Madurit 
MW 909 


Fasermaterial® 
[Vol.-%] 


Fullstoff@ 
[Vol.-%] 


Dichte® 
[g/cm 3 ' 



No. 

Fiber material (vol%) 
Filler (vol%) 
Density (g/cm 3 ) 
Rock wool 
Textile fibers 
Glass fibers 
Microcellulose 


Comparative example 

MoUed article of melamine formaldehyde resit, and silicic acid 
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compressed for 4 min in „ ™m >u u microce ^lose and 2.5 g zinc stearate, and 

^ cu lur nun m a mold with a bottom surface nfi?vn„ * . 
and a pressure of 270 w n, ^ • , m at a tem P er ^re of 155°C 

pressure of 270 bar. The obtained molded article has a density of 1 T7 3 . 
conductivity of 1 50 mW/m K" ^ 37 g/cm and a ther mal 


Examp le 5 

Molded article of aerogel and polyvinyl alcohol 

powde den" ^ a BET T ^ 3 ^ "» *» 500 ^ a 

90 :r[ta 0l The POlyVmyl a,00h0 ' " M » ' '» ^Mowiol-tyJo-SSand 

"P-CpS 0 ^? C °r SSi0n m ° ,d 3 SUrfaCC ° f 12 X 12 - * — with 

i. - .ne^™ c^rT 0 '* 118 COmPOSiti ° n ' Unif ° mly diSWbUW « *» ° f 

with a pressure of 0 b T 777 ^ " " ° < ™ d « ^ 

1 /u Dar * or 2 m n and subsequently dried 

The obtained molded article has a thermal conductivity of 24 mV//( m . K) . 

Example^ 

Molded article of aerogel and polyethylene wax 

separa,iLtptr m f o , ! , d eCOmPreSSi0n ^ * ^ * 12 » is ^ ed with 

•he entire^:^^ — t,0n "T^ " ^ - * «■ 

jr ^uverea with separating paper. It is comnressed at i ic\on j 
for 30 min. impressed at 1 70 C and a pressure of 70 bar 

The obtained molded article has a t^r-^oi j • . 

cu anicie nas a thermal conductivity of 25 mW/(m-K). 

Example 7 

Molded article of aerogel and polyethylene wax 

s'P^ZTl' t COmPreSSi ° n Wi ' h 3 SUrfaK ° fI2 * 12 » » — ed with 

n g paper. A mol dlng compose containing aerogel is uniform,, dlstributed Qver ^ 
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forSOmb ^ C0Ver6d With S6ParatinS PaP " ^ " C ° mPreSSed ^ 18 °° C and E prSSSUre 0f 70 

The obtained molded article has a thermal conductivity of 28 mW/fm-K) 
Example 8 

Molded article of aerogel and polyvinyl butyral 

80 voio/o hydrophobic aerogel granules and 20 vol% Mowital® polyvinyl butyral powder 
Poller F) are thoroughly mixed. The hydrophobic aerogel granules have a grain size of less 
than 500 M m, a powder density of 75 kg/m 3 , a BET surface of 640 mVg and a thermal 
conductivity of 1 1 mW/(m-K). 

The bottom of the compression mold with a surface of 30 x 30 cm is covered with 
separating paper. A molding composition containing aerogel is uniformly distributed over it and 
the entirety is covered with a separating paper. It is compressed at 220°C for 30 min to a 

thickness of 18 mm. 

The obtained molded article has a density of 361 kg/m 3 and a thermal conductivity of 
33 mw/(m-K). 

Example 9 

Molded article of aerogel and polyvinyl butyral 

90 vol% hydrophobic aerogel granules from Example 8 and 10 vol-/. Mowital® polyvinyl 
butyral powder (Polymer F) are thoroughly mixed. ' 

The bottom of the compression mold with a surface of 30 x 30 cm is covered with 
separating paper. A molding composition containing aerogel is uniformly distributed over it and 
the entirety is covered with a separating paper. It is compressed at 220°C for 30 min to a 
thickness of 18 mm. 

7. J he . 0btahled m ° lded artide ^ 3 ° f 335 kg/m3 and a themal conductivity of 

24 mW/(m-K). J 

Example 1 0 

Molded article of aerogel and polyvinyl butyral 

95 voio/o hydrophobic aerogel granules from Example 8 and 5 vol% Mowital® polyvinyl 
butyral powder (Polymer F) are thoroughly mixed. 

The bottom of the compression mold with a surface of 30 x 30 cm is covered with 
separating paper. A molding composition containing aerogel is uniformly distributed over it and 
the ^entirety is covered with separating paper. It is compressed at 220°C for 30 min to a thickness 
or lo mm. 


The obtained molded article has a density nf w 3 , 
1 9 mW/(m.K). Y 6 kg m and a thermal conductivity of 

Example 1 1 

Molded article of aerogel, polyvinyl butyral and fibers 
t^ntire^ 

of 18 mm. ' PaPen * 13 C ° m P ressed * 220-C for 30 min to a thickness 

The obtained molded article has a density of 269 a a ,u 
20 mW/(m-K). g m md a thermal conductivity of 

Example 17 

MCded a^ice of aero gel , polyvinyl 0Myral ffld ^ ^ 

fib« are .hcro^y^ '° « Poster fibers from „ 

separating IT aIm- COmPreSS ' 0n * 3 »*» ° f 30 * 3 ° «- - covered w lth 

of .8 « ParatmS PaPff - » ' S «»P»«J » 220-C for 30 min t0 a thickness 

The obtained molded article has a density of w J , 
25 mW/(m-K). % kg/m and a tte mal conductivity of 

ExamaleJJ 

Molded artide of aerogel, polyvinyl butyra, a„d fib, revues 

thoroughly mixed. * ^ ™ PS Wlth a '^ess of 14 um are 

separating molT" m °' d 3 SUrfaCe ° f 30 X 30 ™ » -vered with 

*• ^ -^^^^^t^ * *~ over it and 

of 18 mm. Para " nS ^ " 1S ^ 220°C for 30 min to a thckness 
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The obtained molded article has a density of 355 Wm 3 an H , * , , 
26 mW/( m -K). g nd a thennal conductivity of 

Claims 

1. Composite material that contains 5-Q7 w w a . , 

3. Composite material according to Ham i «, <■> u 

aerogel panicles is less than 0.2 J ' " that *= tar <* «* 

4. Composite material according to at Wt nn« • 

6. Composite material according to at least one n fn,' , c , 

p s over ° u /o 311(1 densities under 0.6 g/cm 3 
8. Composite material according to at least one of n*i mB i -7 J 

co mp oIe:~r^ rdmSM ^ 

— as the adhel " ™" « ~ above, are 

13. Composite material according to at least one of ru- 1 , 

y ow U.6 g/cm and a thermal conductivity of less than 100 mW/fm-K) 

15. Composite material according to at least one of Claims 1 14 J • 

compose materia, has at least one hydrophobic surface ' ^ m ' ha ' 
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16. Method of manufacturing a composite material according to at least one of 
Cbums 1-15, characterized in that the aerogel particles are mixed with adhesive and the mixture 
is subjected to forming and curing. 

17. Method according to Claim 16, characterized in that the mixture is compression 
molded for forming and/or curing. 

18. Method according to Claim 17, characterized in that the compression moldin* is 
performed at compression pressures of 1-1000 bar and temperatures of 0-300°C. 

19. Use of a composite material according to at least one of Claims 1-15 as a thermal 

insulator. 


20. Molded article containing a composite material accordine to at least one of 
Claims 1-15. 

of Claims' '"5^ a " iCle C ° nSiStinS eSSemiaUy ° f " C ° mP0Si,e material aC ° 0rding '° at '" st °"= 

mat. 


22. Molded article according to Claim 20 or 21, characterized in that it is the form of a 
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